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1
Introduction
E-UTRAN support good DRX functionality for RRC-CONNECTED allowing for optimised configurations that allow good UE power savings and network optimisations. All in all the goal of the RRC-CONNECTED mode is to improve the power saving capabilities in E-UTRAN for UE’s introducing the possibility for better UE stand-by times without the need for going to RRC-IDLE mode to reach the goal.

In this paper we would like to address a few details in the current DRX functionality in order to clarify the more detailed bahviour and allow for more robust configurations and possible increased power savings and resource saving. 

We will three topics namely Initial DRX, definition of the Short DRX as well as periodically scheduled CQI reporting functionality together with Initial and short DRX.
2
Initial DRX
In order to ensure safe and robust DRX functionality in E-UTRAN the possibility for the eNB and the UE using different DRX parameters are reduced to an absolute minimum.

Reason for this is due to the fact that a situation where the UE and eNB are using different DRX parameters (unsynchronised DRX parmaters) has severe impact on both UE and eNB scheduling possibility in RRC-CONNECTED mode. This situation would in most cases result in that the eNB cannot reach the UE for scheduling while at the same time the UE would not be able to recognise such an error. UE would be able to reach the eNB through SR or RACH procedure. And although these procedures might end up being successfully carried out, later scheduling might not be able to continue due to scheduling problems and they will lead to increased latencies as well.

We see this problem as being a rather fatal problem and therefore we propose that Initial DRX is always applicable by UE and never ‘ignored’ or skipped. This would mean that the UE would always monitor PDCCH in connection with on-duration at point of Initial DRX i.e. being sort of RRC-CONNECTED mode common synchronisation point a bit similar to RRC-IDLE paging ocassions.
Only ocassions when PDCCH might not be monitored during the Initial DRX on-duration needs to be well defined. One example could be if Initial DRX on-duration coinsides with a measurement gap.
Proposal 1: UE shall always monitor PDCCH in connection Initial DRX on-duration.

3
Short DRX
As argued in former section it is very important that the eNB and UE use same DRX cycles in order for the scheduling to proceed smoothly.
As the eNB may use both Initial DRX and short DRX and configure the UE to use both cycles we suggest that the Initial DRX and Short DRX (when defined) share a common base of DRX cycles. Meaning that the Short DRX will at certain points coinside with the Initial DRX.

We propose that the short DRX is calculated as fraction of the Initial DRX. Reason for this is also due to simplicity in UE and eNB as to handling of on-duration, Inactivity-timer and other DRX related timer running.
Proposal 2:  Short DRX be a full fraction of Initial DRX. I.e. Initial DRX = x * Short DRX.
‘x’ being an integer.
4
DRX and periodic CQI reporting
CQI reporting and its interaction with DRX is currently shortly mentioned in section 12 of [36.300].

4.1
CQI and DRX interaction
CQI is used in eNB for scheduling purposes, optimising the use of the scheduled resources on air IF in the best possible way and ensure scheduling of the UE’s with most favourable channel conditions. Hereby it is possible to optimise the overall and individual UE’s throughput allowing for optimising the UE’s active time thereby increasing the UE inactive time allowing for improved UE power savings.

The current version of stage 2 [1] on DRX in RRC-CONNECTED mode now states in section 12:

‘When DRX is configured, CQI reports can only be sent by the UE during the “on-duration”;’

Besides the current stage 3 [2] states:

‘Whenever a new DRX Cycle begins (long or short), the On Duration Timer is started.’

Additioanally when discussing CQI reporting there are two different categories of CQI reports – namely periodic CQI reporting and scheduled CQI reports. Periodic CQI reporting is configured using RRC signalling while the scheduled CQI reporting is requested using the PDCCH when seen needed by the eNB.

Above statement in section 12 of [1] is targeted at periodic CQI reporting.
4.2
Periodic CQI reporting and short DRX
Periodic CQI reports are send on the PUCCH when no other UL traffic is scheduled for the UE. Periodic CQI reports will otherwise be send together with UL data if such is scheduled. Scheduled CQI reports are send in UL with scheduled data.

As the PUCCH resources are multiplexed between all UE’s in time, assignment and distribution of the available PUCCH resources between UE’s in RRC-CONNECTED mode needs to be considered carefully in order to allow enough available resources for a UE when needed. Therefore the PUCCH resource should only be reserved for a UE when it is known that there is a high probability that it will be needed.

The Initial DRX is always configured in RRC-CONNECTED mode and the PDCCH is always monitored by the UE during the on-duration connected with the Initial DRX. This is not the case for the short DRX on-duration. Use of short DRX can be triggered in two ways [1]:

1. If configured via RRC, short DRX cycle is triggered if UE has been dynamically scheduled i.e. the inactivity-timer has been activated.

2. If a MAC header/control message tells the UE to re-enter DRX with a DRX cycle explicitly indicated in the MAC payload.
For allowing better eNB control of the configuration and usage of the PUCCH resource we propose that periodic CQI reporting is only applicable in connection with the Initial DRX on-duration. If the UE is scheduled during the Short DRX on-duration the eNB can request CQI reports by use of scheduled CQI reports. 
Proposal 3: Periodic CQI reporting happens only during Initial DRX on-duration.
5
Conclusion
According to above sidcussion we propose that the following proposals are discussed and reflected in [1] and [2] as needed:

Proposal 1: UE shall always monitor PDCCH in connection Initial DRX on-duration.

Proposal 2:  Short DRX be a full fraction of Initial DRX. I.e. Initial DRX = x * Short DRX.
Proposal 3: Periodic CQI reporting happens only during Initial DRX on-duration.
Text proposal is included.

Beginning of Text Proposal
12
DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used inEMM-IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The UE may omit measurements of neighbouring cells when the DRX interval is above a threshold and if the radio quality of the serving cell is above another threshold. To configure this behaviour in the UE, the two thresholds may be indicated by the eNB;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" during which time the UE monitors the L1/L2 control channels for possible allocations;

-
When DRX is configured, periodic CQI reports can only be sent by the UE during the Initial DRX “on-duration”;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in TTIs that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in TTIs (during wake time) that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).

-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle and the time UE is performing continuous reception while the inactivity timer has not expired. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time.

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resouces):
-
Until a MAC header/control message tells the UE to re-enter DRX, with a cycle explicitely indicated in the MAC payload; or

-
The UE autonomously re-enters DRX with a predefined cycle at expiry of the inactivity timer. The predefined DRX cycle may be shorter than the initial one. And if it is, a longer period of inactivity will bring the UE back to the initial DRX cycle directly.

End of Text Proposal
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